aluminum chloride or nitrate solutions with ammonium hydroxide is aged in the mother liquor at a pH of 7.5 to 9. Also Hauschild has showed that nordstrandite is prepared purely by reacting aluminum, aluminum hydroxide gel or hydrolyzable aluminum compounds with aqueous solutions of alky-lenediamines, in particular ethylene diamine (3) . In contrast, nordstrandite has been discovered to occur naturally in some places (4), and accordingly the structure of nordstrandite has been proposed using the crystal obtained natually (5, 6) . On the one hand, the patents describing the manufacture of nordstrandite have been issued (7, 8) . Nevertherless, there are some indistinct points on the formation of nordstrandite. Recently the present author has reported that amorphous aluminum hydroxide, pseudoboehmite, bayerite, hydrargillite and nordstrandite are formed by the hydration of amorphous alumina (9) . Therefore this paper extends the work to obtain further information on the preparation of nordstrandite in comparison with the results for the preparation of gelatinous aluminum hydroxides (10-13).
Experimental
The following procedures were carried out to prepare nordstrandite: gelatinous aluminum hydroxides, precipitated from aqueous solutions of chloride or nitrate of aluminum in 0.25mol dm-3 on the addition of aqueous solutions of sodium hydroxide in 1 mol dm-3 or ammonium hydroxide in 28% slowly at the rate of 5 or 50cm3 min-1 or rapidly at various (room temperature), were aged in the mother liquors for a given period at a selected temperature;
gelatinous aluminum hydroxide, precipitated from aqueous aluminum chloride solution in 0.25mol dm-3 on the addition of ammonia liquor in 28% at were washed by water and then aged in aqueous ammonium hydroxide solution at pH 11.2-11.6; amorphous aluminum hydroxides, precipitated from aqueous solutions of chloride or nitrate of aluminum in 0.25mol dm-3 on the addition of aqueous solutions of sodium hydroxide in 1mol dm-3 or ammonium hydroxide in 28% at the rate of 5cm3 then aged in aqueous solutions of ethylenediamine.
The precipitated aluminum hydroxide were centrifugarized, washed with distilled water as free as possible from alkali and anions, and then dried with aceton. The material so obtained were examined by thermogravimetry and differential thermal analysis (TG and DTA), X-ray diffraction study and infrared spectrophotometry. The TG and DTA were carried out on an automatic recording thermobalance and DTA apparatus (Agne Research Center) using platinum-platinum/rhodium thermocouples and a Shinku Riko Model TGD-1500 RH-P differential thermobalance equipped with an infrared heater. For the measurement of differential atomospheric pressure. The infrared spectra were obtained by a Nujol or Fluorube mull method on Japan Spectroscopic Co. Ltd. Model IRA-1 grating infrared spectrophotometer for measurement at 4000-650cm-1, and Model IR-F for measurement at 700-200cm-1, using a capillary film between thallium halide or polyethylene plates. X-ray powder diffraction diagrames were made with a Rigaku Denki Co. Ltd. Geigerflex recording X-ray diffractometer with filtered copper radiation (generator operating at 30 time constant 2S, scale factor 16, multiplier constant 1.0).
The concentration of aluminum in aqueous solutions was determined by titration with EDTA using xylenol orange as indicator (14) .
Results and discussion
3.1 Ageing of precipitate in mother liquor The aqueous solutions of sodium or ammonium hydroxide were added to the aqueous solutions of chloride or nitrate of aluminum at various pH values, and then the resulting precipitates were aged in the mother liquors for 1h and 1, 7, 25 and 50 days their precipitates examined by X-ray diffraction study is illustrated in Table 1 .
This result corresponds fundamentally to those for the preparation and crystallisation of gelatinous aluminum hydroxide reported already (10, 11) : the freshly precipitated gelatinous aluminum hydroxide exists in an amorphous type independently of the pH value and goes to pseudoboehmite by ageing in the mother liquor. By further ageing, however, hydrargillite is produced in contact with aqueous solution at low pH, and bayerite at higher pH. In Table 1 it is found that the formation of nordstrandite is observed as a mixture of bayerite in a few precipitates. When the gelatinous precipitates, prepared from aqueous aluminum nitrate solution on the addition of ammonia liquor in 28% at pH9, was aged for 1h and 7 days, X-ray diffraction diagrams showed that pseudoboehmite is produced by ageing for 1h, and bayerite is formed in addition to pseudoboehmite by ageing for 7 days. By ageing for 25 days, however, the peaks of nordstrandite appear in addition to the pattern of bayerite and the band of pseudoboehmite which slightly still remain, and for 50h the pattern of pseudoboehmite disappears and simultaneously the intensities of the bands due to bayerite and nordstrandite become more intense (Fig. 1) . The formation of nordstrandite is also observed by the ageing for 25 and 50 days in the precipitates, prepared from aqueous aluminum chloride solution on the addition of sodium hydroxide solution at pH 11. In this case, the intensities of the peaks due to bayerite becomes weaker with in- hydrargillite coexists in them as the temperature of ageing rises (Fig. 2 ). From these results it is deduced that the preparation of pure nordstrandite is not completed even by ageing of the washed precipitate in ammonia liquor. Table 3 . This suggests that by the ageing of amorphous dite is formed in aqueous solutions of ethylenediamine below 30%, and pseudoboehmite in aqueous solutions of ethylenediamine in above 70%, corresponding to the fact that pseudoboehmite is largely precipitated in the range of pH between 7 and 10 (10). In aqueous solutions of ethylenediamine in above 70%, however, nordstrandite is formed by the ageing for a longer time over 30 days at a higher ists as a mixture of nordstrandite in the resulting materials by the ageing for 1h, but disappears by the ageing for a day, except the ageing of the Fig. 1 X-ray diffraction diagrams of the precipitates prepered from aqueous aluminum nitrate solution on the addition of ammonium liquor at pH9 and aged in the mother liquor for a given period (numbers on curves refer to specimen Nos. seen in Table 1 ). For the materials, precipitated from aluminum chloride solution on the addition of sodium hydroxide solution and aged in 8% ethylenediamine solu-analysis are shown in Figs. 3-5. Furthermore the Xray diffraction data of nordstrandite prepared in this work are given in Table 4 in comparison with them reported in the literature (5a). In Fig. 3 , the X-ray diffraction diagram of the material aged for 1 day exibits the pattern of nordstrandite, and the intensties of the bands become more intense by the ageing for 30 days. The infrered spectrum of nordstrandite ( Fig. 4) which is clarified in the material prepared by Table 2 ; numerals in parentheses represent the pH values to prepare initial Table 3 ). Fig. 4 Infrared spectra of gelatinous aluminum hydroxides aged in aqueous solution of ethylenediamine in 8% (numbers on curves refer to specimen Nos. seen in Table 3 ). (15), but it is presumed that the dehydration behaviour of nordstrandite is more analogous to that of bayerite-II than hydrargillite-II (16).
Ageing of gelatinous aluminum hydroxide in aqueous solution of ethylenediamine

Conclusion
As mentioned above, it is appearent that when the precipitates, prepared from aqueous solutions of aluminum salts on the addition of alkaline solutions, are aged in the mother liquors or the washed gelatinous aluminum hydroxides in ammonia liquor, nordstrandite is formed only as a mixture of bayerite and/or hydrargillite. However, since pure nordstrandite is formed by the ageing of amorphous aluminum hydroxide in aqueous solution of ethylenediamine, it is expected that the formation of nordstrandite might be made by the ageing of the precipitate prepared Table 3 ). (a) TG curves, (b) DTA curves. the resulting materials are made of nordstrandite except a mixture of nordstrandite and pseudoboehmite for the precipitate at pH 7, although the material at pH 9 is more crystalline than that at pH 11.6. Hence it is presumed that pure nordstrandite is formed by the ageing of amorphous aluminum hydroxide in the presence of ethylenediamine under some selected condition.
